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WHEELS FOR COMMERCIAL MOTORS. 

By THOMAS CLARKSON 
( NEXBER OF COUNCIL). 

THE wheels of commercial motors up to three tons capacity were 
formerly made of wood, but for several years wood has given 
place to steel, and our chief supply of steel wheels has been 
obtained from Germany, Belgium and Switzerland. The failure 
of the German and Belgian supplias has seriously affected the 
builders of vehicles in this country, and the present is therefore 
a favourable opportunity for examining the situation thus created, 
with a view to securing for this country as large a share as possible 
in the future manufacture of wheels for commercial motors. 

The steel wheel hitherto most extensively employed is a casting, 
and up ?D the present the British steelfounders appear to have 
had only qualiiied success in the production of such castings. A 
casting is always liable to blowholes and to internal stresses owing 
to the warring forces of contraction and cohesion, and a good 
proportion of the ultimate strength of the material in a wheel 
may be neutralised by internal stresses the existence of which is 
unknown. 

Another difficulty in connection with the use of castings is the 
inequality of thickness in the material, which causes local varia- 
tions in  the strength, and also results in imperfect balance, which 
has a deleterious effect upon the life of the tyres which are fitted 
to such wheels. 

A few years ago, Mr. W. J. Morison and the author looked into 
the question with a view to producing a type of wheel which would 
be free from the drawbacks of cast material, and which should, rn 
a natural consequence, be both lighter and stronger. The so-called 
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Size of Tyres Suitable 
for Rims. 

C.-M. Wheels axe the result. These are built up, see Figs. 1. Is, 
and are constructed entirely of forged steel. The spokes are tubnlar, 
and are welded electrically under pressure to  the hub and also to 
the rim flanges. The hub, Fig. 2, is a drop forging having bosses 
corresponding to the spokes, and these are machined to a section 

weight per meel. 

FIG. 1. 

WEXC~HT OF W~EBLS wmxiom TYBES. 

if30 X 90 122 lb. 

860 x 90 130 Ib. 

1020 x 90 145 lb. 
-- 

which exaotly corresponds to the section of the tubular spoke. 
Butt welding is employed, which has the advantage of preserving 
the uniformity of the section and avoiding sudden change of 
section, which is always liable to  develop disturbing stresses, 
resulting in  strain and fracture. 
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The rim is pressed up from a steel plate, and one edge is 
flanged inwardly, and the other outwardly, so as to form a 
stop for the tyre. The rims were formerly machined both inside 
and out, but this is now fouucl to be unnecessary, as the pressing can 
be dono with sufficient accuracy. The spoke 0anges are united 
to the rim either by rivetting or by spot welding. 

4 S aces : v 8 vre C/eats 
I 
I 

These wheels were first tested on a commercial chassis which 
was run at high speeds with a three ton load, the wheels being 
fitted with plain steel tyres so as to obtain a more severe test 
than i f  they had been fitted with the usual solid rubber tyres. 
The space intervening between the plain steel tyre and the rim 
of the wheel was filled in with oak segments secured to the rim 
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by ~crews, Fig. 3. These wheels were run under the above 
conditions at speeds up to 30 m.p.h., until finally the steel tyres 
were hammered out and became slack on the wood blocks. 

Permission was tlien obtained from the Commissioner of Police 
to test the wheels on public service 'buses in London, than 
which the author believes there is no more severe test for a 
commercial motor wheel, owing to the exceptional character and 
conditions of the service. After the trial wheels had run over 
20,000 miles, they were subjected to special tests by the engineer 
of the Chief Commissioner. 

Particulars of Tests mrade (Fig. 4).-As a result of the above 
testa, permission was accorded to extend the use of these wheels 

F I G .  5. 

for public service 'buses, and up to the present the distance covered 
by these wheels has amounted to upwards of twenty-two million 
miles. 

The leading points of the C.-M. Wheel are that, being built 
up, it is free from internal stresses, and tw a consequence the whole 
of the material in the wheel is available to resist useful stress, 
while there is, of course, no chance of a blowhole anywhere in 
the wheel. Next, the material of each part of the wheel and each 
weld can be tested before the wheel is completed, for which 6peaia.l 
machinery is provided; and lastly, the rim, being pressed out of 
a plate or rolled, is of practically uniform thickness, and the 
wheel is in consequence very perfectly balanced. 
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1.25 
2.6 
3.76 
6.0 
8.16 

The chief drawback to the general adoption of this wheel lias 
been the higher cost of production, due to the increased labour 
charges and the employment of a superior grade of material. 
The hubs are exceptionally large drop forgings, consequently the 
dies are costly, and there are very few firms who are equipped 

TOP OF PRESS. 

- 0.002 in. - 0.010 in. 
- 0.017 in. 
- 0.025 in. 

- 0.018 in. 
! 

PRESS TABLE. 

Fro. 4. 

No permanent set observed at loads given, and neither wheel showed 
signs of fracture or strain. 

with hammers of sufficient power for this class of work. This 
difficulty is being overcome by a modified construction in which 
the hub is forged from a circular blank. The blank is first cupped, 
and on the cylindrical surface formed by the cupping, spoke bosses 
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are p r e w d  out froin the centre. This construction results in a 
material saving in the cost of manufacture. Other economies 
in  manufacture have been effected in  various details, and also 
in  the installation of a more suitable power plant for operating 
the welding machines than was at  first obtainable, and the author 
believes that these wheels will soon be produced at a cost which 
compares favourably with that of cast wheels. 

Standardisation.-One cause which has militated in the past, 
and which still militates, against the cheap production of wheels, 
is the unfortunate variations in design which are so prevalent 
amongst makers of commercial motors, more particularly in con- 
nection with the details of the axle bearings in the wheel hub 
and thc method of attaching the driving gear and the brake drums. 
During the past year most of the leading makers of commercial 
motors of from 30 cwt. to 5 tons capacity, and also representa- 
tives of the War Department, have been approached with a view 
to obtaining standardisation. For the present, the difficulty has 
been to a large oxtent overcome by making the wheel hub inter- 
changeable, and of a diameter sufficiently large to accommodate 
variom designs of hub centres. This, to some extent, obviates 
the necessity for special construction of hubs, but more mmains 
to be done before the advantages of standardisation are fully 
realised . 

I n  connection with this, the excellent work which is being 
done by the Engineering Standards Committee, the Society of 
Motor Manufacturers and Traders and this Institution must be 
recognised. They have recommended the adoption aa British 
standards of the following six sizes of rim diameters for solid 
tym:- 

670 mm. 
720 mni. 
741 mm. 
771 mm. 
850 mm. 
881 mm. 

In  regard to the question of tolerance in rim .diameters, the 
Society's Committee has suggested nothing under, but one mm. 
above, the standard diameter. The author regrets that he is 
nnablc to  support this suggestion, in the light of his experience. 
I t  has not been found practicable to dispense ontirely with the 
use of canvas packing between the tyre band and the rim, and 
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the internal diameter of the tyre bands is frequeutly under the 
standard diameter. With a rim above standard diameter there 
is great danger of bursting the tyre band while the tyre is being 
pressed on, and the author is therefore of opinion that for the 
present i t  is preferable to make the rim tolerance nothing above, 
but one niiu. be lo^ the standard diameter. 

Another type of built-up steel wheel which gives excellent 
results on the-lighter class of vehicle is the Suspension or Wire 
Wheel. I t  was expected by some leaders in  the automobile 
industry that the wire wheel would be generally adopted for 
'bus work, and for loads up to three tons, but this anticipat.ion 
has not, so far, been realised. 

The Sanlrey is another type of built-up 1 ~ 1 i ~ l  in which the two 
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halves a r c ’  pressed out of a sheet and subsequently united in the 
centre plane of the wheel by acetylene welding. This niakcs a 
yery nice-looking job, which appears to stand well when fitted 
with pneumatic tyros, but the author has not found it satisfactory 
on solid tyres for ’bus work, unless it WW reinforced by a centre 
plate, Fig. 3 .  This addition makes a material increase in the 
weight of the wheel, and n further point against it  is the higher 
c o ~ t  of inauufacture. 

FIQ. 6. 

Plate wheels, both plain and dished, are also used to some 
extent; thwe are, of course, well balanced, but are inclined to 
be heavy, and difficulty has been experienced in the junction of 
the plate with the hub, and also, in some cases, with the junction 
at  the rim. 

A very good type of plate wheel has been recently put upon 
the market by Messrs. Ruston, Proctor & Company, Ltd., of 
Lincoln. In thisdesign, see Fig. 6, two circular plates are dished 
to a conical section, and the rim is formed by flanging the edge 

CLAR KSON. H 
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of the plate. The two dishes are unitod to each other by rivetting 
through distance pieccs iwar the riin, and the plates are joined 
to the hub by long bolts. 

This wheel is ruperior GO utlier furnis ul plate wheel in IiaIing 
the rim solid with the plate. The drawback, as with other plate 
wheels, is that it is about 50 per cent heavier than is necessary. 

The Sub-committee of the Engineering Standards Committee 
expressed the opinion that to facilitate the removal of the tyres, 
four equally spaced slots should be provided in the outer flango 
of the rim. The Society of Motor Manufacturers and Traders 
has subsequently recommended that for rims above 771 mm. 
diameter six slots should be used. With this recommendation 
again, the author is unable to agree, experience having shown 
that four slots are sufficient for forcing off twin tyres of 1050 mi. 

As the cutting of the slots necessarily reduces the strength of 
the rim at  these points, it is preferable to arrange that the slots 
are placed opposite to the spokes, so that the direct supp0l.t 
obtained from the spokes may neutralise the loss of strength due 
to the slotting of the rim flange. The number of rim slots is 
therefore related to the number of spokes in  the wheel. Six 
spokes are insufficient except for light work, and experience has 
not shown that it is necessary to employ more than eight spolres 
eren for loads up to five tons. Four rim slots suit an eight 
spokr nlieel, but in order to have six rim slots each separated 
by a spoke, where more than six spokes are necessary, it  is 
obvious that the wheel would need to be made with twelve spokes 
-which is more than is required and adds unneoessarily to the 
weight of the wheel and the cost of production. Four inches is 
a convenient width for the rim slots, and it is desirable that the 
ends of the slots should be radinsed instead of having s h q  
corners. Fig. 7 indicates the preferred construction of rim, and 
rim flange slots. 

I n  regard to the employment of retaining flanges or cleats, 
the author is convinced that i f  the tyre is properly fi$Bd to the 
rim and forced on with, my, not less than 50 tons pressure, there 
is no necessity for a retaining flange or for cleats. Neither the 
retaining flange nor the cleats will keep the tyre on the wheel 
in the event of 8 fracture of the steel band forming the base of 
the tyre. For town work the bolts for securing cleats or retaining 
flanges axe frequently sheared by contact with the kerb, and 
where there is much kerb work the author thinks that it is 
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preferable that no retaining flange or cleats bliould bc used, and 
that the registering flange, against wliicli the tyre is pressed. 
should be put upon the inside; otlierwise it is liable to  serioi1.s 
injury by contact with the kerb, and the notches in the flange 
are peculiarly liable to tronblo of thiq kind, and :ire also liable 
to catch on the edge of the kerb. 

H Z L ~  Beariizgs.-There is considerable diversity of practice in 
the matter of the huh bearings-ball bearings, roller bearing*, 
and plain bearings are all used. The ball or roller bearing 
requires less attention for lubrication. but the plain bearing 
is able to resist shocks nitli greater impunity. There does not 
appear to be much to clioose in first cost betneeii tlic ball or iollcr 
bearing and a properly constructed plain bearing. The plain 
boaring should be provided with hardened steel surfaces which are 
ground accurately to cylindrical shape after hardening. Between 
the hardened and ground surfaces is fitted a floating bush of 
bronze or gun metal, the said bush being drilled-usually spirally 
-to facilitate the flow of lubricant between the two surfaces. 

Tlie plain bearing needs to be regularly replenished with lubri- 
oant, or it 'bill soon deteriorate. The ball or roller bearing requires 
practically no additional lubrication after the first assembly, but 
it must be kept clean and dry or it will rapidly deteriorate. 

The critical time for ball or roller bearings is when changing 
wheels, say, for tyre renewals, as it is then that they are exposed, 
and if ,  as sometimes happens, part of the bearing slips out of 
the hub and on to a wet and dirty floor, and is replaced without 
first being thoroughly cleansed, depreciation is very rapid and 
serious injury to the bearing will result The presence of water 
is particularly objectionable in either ball or roller bearings, owing 
to the corrosion which is set up destroying the surface of the 
races and the rollers or balls. 

On tho whole, the author is of opinion that the best results are 
obtained by the einploynient of roller bearings, one on each side 
of the hub, so constructed that the bearings are not exposed 
when tho wheel is taken off, and that every part of the bearing 
is securely held together so that no part can fall out during 
the handling of tlic wheel. Standard tlesigiiq of liubs are being 
developed on these lines. 

Side Thrusts -13all journal bcarings are also able to  b C i W  

considerablc side thrust, but in the case of a roller bearing side 
thrust must be provided for independently, either by the use of 
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plain \ ~as l i cn  or preferablj 1)y the employment of properly 
designed ball thrust bearings. 

The practice iu the United States is generally in favour of the 
employment of cone roller bearings in mlieel hubs, of the Timken 
or other somewhat similar patterns. They hare the advantage 
of taking both journal and end pessure, and are, of conrse, 
adjustable. 

The author is informed that these bearings are not interchange- 
able owing to a ridge which forms by wear either on the cone 
rollers or on the edge of the roller race. For absolute inter- 
changeability it is probable that nothing is superior to the plain 
bearing. 

The Enaployrnerzt of Rubber Tyred Wheels ota Soft GrozcmL-A 
rubber tyred wheel, being designed for use on a hard road surface, 
is at a disadvantage on soft ground or in snow. The surface of the 
tyre has no tractive “bite,” and the rotation of the driving wheels 
causes them to sink deeper into soft ground. This difficulty is 
constantly met with in handling the motor transport in France, 
and is due not merely to bad roads but also to the fact that t.he 
vehicles hare frequently to be cleared off the roads into adjacent 
fields so as to facilitate the movement of troops. It is easy to 
imagine the condition of the fields in consequence of the heavy 
rains, and the author is informed that vehicles have in  some 
oases been lost through sheer inability to get them back on to 
the r o d  before the arrival of the enemy. 

To overcome this serious difficulty, an attachment to driving 
wheels h w  been designed by one of our transport officers. This 
device consists of a series of steel rings which are secured to the 
periphery of the driving wheel by a central chain which is pro- 
vided with turnbuckles. An anchor chain is also provided to 
prevent circumferential slipping. The device can be quickly 
attached and detached when required, and its reliability has been 
demonstrated in  actual service; it is not suitable, and is not in- 
tended, for use upon a hard road surface. Plate V I I .  shows 
a wheel fitted with this non-skid device, of which some thousands 
are now in use at the front. 
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THE DISCUSSION 

Mr. W. F.  FRENCH, in opening the discussion, said: The C.-M. 
wheel seems to me to be a step in the right direction, as we have 
for years had a very considerable amount of trouble with wood 
wheels owing to their shrinking and getting out of truth in dry 
weather. A yery large number of American chassis are still fitted 
with wood wheels, but I believe that they have a very much more 
suitable wood there than we have in this country, and the weather 
does not trouble them so much. 

With regard to standardisation, I agree with the author that 
the diameter of steel wheels should be on the small side, and that 
it is better to press the rim on with canvas than without it.  Quite 
recently. when fitting a new make of tyre to a wheel, we had to 
turn thc rim down, which caused a delay of 2 or 2* days, which is 
a very serious thing to a contractor. 

We have had a very long experience with ball bearings, and 
they have given a great deal of trouble, and I do not think they 
stand so much side thrust as the author suggested. We have 
used a number of Timken roller bearinga which seem to have done 
much better, but we have had far the best results from the case- 
hardened ground sleeve, which shows practically no perceptible 
wear after five years’ use, either on the axle, the phosphor bronze 
bush, or on the sleeve itself. The usual method, I believe, is to 
put 8 phosphor bronze sleeve in, but these hare a tendency to 
Fear and dish the wheel. 

I do not agree that rubber tyres giw trouble without sonic form 
of non-skid arrangement such as that shown in the paper. My 
experience is that the rubber tyre is by far the best in mud, 
grease or snow. At the present moment some roads around Salis- 
bury Plain and Winchester are certainly as bad as the Belgian 
roads, and a large number of rubber tyred steamers are carrying 
good? there over the mud in which other Btemners have found 
their wheels to be quite useless. Nor do I agree that London 
provides the most severe conditions of service. We have services 
running in the North of Eiigland where conditions are infinitely 
worse. For instance, I a m  arsured that with certain vehicles the 
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brakes which will easily last a month in Londoii last exactly four 
days 0% one country service, so that the stresses on the wheels must 
be much greater. I should like to hear whether the C.-M. wheel 
has been put on any country services. I should also like to ask 
if the spokes of the C.-M. wheel are cold drawn, if  they are 
tapered inside, and if they are rivetted or welded to the rim? 

'Mr. CLARKSON: They are parallel and cold drawn. and some- 
t.imes spot welded, sometimes rivetted to the rim. 

Mr. FRENCH: The rivetting is, I think, a drawback owing to 
tho liability of bolts or rivcts to work loose. 

Steel wheels as made on the Continent have uiidoubtedly proved 
superior to the English steel wheals that I have tried; they seeq 
to be of a different grade of metal altogether, and are much less 
subject to fracture. 

Mr. A. CREERY STEVENSON: I n  my opinion the cast steel wheel 
is much better than the built up wheel, though the in-turned and 
out-turned flange of the C.-M. wheel is a very efficient way of 
strengthening up the edges, and the manner in  which the rim is 
either rivetted or spot welded to the spokes gives a very good 
seat so long as the tyres are, say, not more than 120 mm. broad. 
May I ask the author if the wheel has yet 'been made to take 
160 or 140 mm. tyres? 

MP. CLARKSON: 140 mm. twin. 
Mr. STEVENSON: I presume that in that case the seat has been 

Mr. CLARKSON: Yes. 
Mr. STEVENSON: May I ask how the welds are tested? 
Mr. CLARKSON: It is a bending test, first one side and then the 

other, and is made under conditions of vibration. 
Mr. STEVENSON: The author states that ball bearings are able 

to bear a considerable amount of side thrust; perhaps the reduced 
speed at which vehicles go round corners may have something to 
do with it, as ordinary ball bearings are not designed to take 
bide thrust. With the Timken roller bearing, the very slow taper 
makes it difficult to get the right adjustment, and a very little 
movement may put on such stresses as to tend to destroy the 
bearing. , 

It is true that with the cast steel wheal there is a continual 
draw at the junction of the rim, which is of liberal section, with 
the spokes, which are of fairly thin section, and I do not think a 
cast steel wheel to take an ordinary band tyre can be made su 

extended, and that the spokes have been increased in diameter? 
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(Mr. A. C. Stevenson.) 
light as a built up wlioel. Tho band t,yrc wits, I tliink. first 
introduced for the wooden wheel, which had a band of steel shrunk 
on it, and when steel replaced the ~ ~ o o i l e n  wheel the saine tvrc 
was adhered to, 40 that we h a w  now tlie weight of tnci hand3 
of <teel. 

In order to onxcoiiie this iunnecesviry iluplicatiun of bands, 
and to deal with the casting difficultie3 iiientioncrl above, I tlesigiiccl 
a wheel consisting of two parts, the centre one. or qkeleton vlieel iis 

i t  is called, Fig. 8 (l),  embodying the hub and the spoke>, and a 
rim, (2), on which the tyre is vnlcanised, sn that no steel lrand is 
required in the tyre itself. The faced flanges on the ends of 
the spokes register in the machined iniier facch o f  tlic 1)mrlrets 
on the rim, and are held in pltrcc by bolts fittctl in  clcnlinc hole. 

The skeleton wheel is made in tl nuinber of standard aizeb, to 
each of which different diameters .of rims can b'e fitted according 
to the radial length of the brackets on the inner side of the rim. 
Furthermore, either twin or single rims can be fitted on the 
same skeleton, and by removing thc bolts tyres can bc changed 
without taking the ~vlieel off the axle 

With regard to the tolerances on wheel diameters, I think it 
is much better to have the wheel too big than to have to pack 111) 

with canvas, though I do not think the tolerance should be as 
much as 1 mm. on the diameter. If it is too great, the hard 
vulcanite root gets ruptured when the tyre is forced on, which 
acoountq for the number of tyres which break away at the root 
before they are morn down. I do not think a stop for the tgre is 
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nccessaq nt all, as the prezr can be stopped when the tyre reaches 
its proper position on the rim. If both flanges were turned down 
in the C.-M. wheel it wonlcl makc ti very much better job, cw 
no slot4 would be required, so that the flange could be continuous 
and gire uniform strength a11 round. I think the 2 in. extension 
on either side, shown in Fig. 7, is too much for clearance; it is 
better to hit the kerb with the tyre than with solid inrtal. 

Mr C R .  G \ R R  ~ R D :  I certainly should not put an oil hole in a 
plain bearing, but I should make a small spiral groove, so ar- 
ranged, that the rotation of the shaft -vrould pump the oil to\vmds 
tho centre. Any hole from which oil can escape is wrong, and 
becoiiics simply a drainage iyay. It has been shown in this room 
b y  Mr. Bnrrett and Prof. Goodman that the destruction of ball 
bearings is inainly due to  the race being made of a radius only 
20 per ocnt greater than that of the ball, so that side thrmt h a  
the effect of driving the ball up a very fino wedge, which mrqy 
increase the pressure beyond the elastic limit of tho inatcrials. 
One way of overcoming this is to  make the ball bearing so that 
any pressure is taken correctly on a thrust-race combined in the 
ball bearing itself. Size for size, such a bearing mill stand iup 
longer than any roller bearing, provided that there is ribsolutely 
110 lost motion beheen the two bearings, so that the balls cannot 
roll up the side of the race. A 23-ton coach on the Paris-Metro. 
Railway has been equipped with these bearings and is now in its 
qecond year's running, and the bearings required no lnbricatioii 
for nine months. One little precaution must, however, be taken, 
and that is that the distance piece between the inner races shoulcl 
be from four one-thousandths to eight one-thousandths of an inch 
longer than the shoulder which the outer raee rests upon, so that 
there cannot be any initial pressure on the thrust races whrn tho 
nut on the end is tightened up. 

I would like to ask the author how the price of his built iip 
mlioel compares with that of cast steel wlircls, \\ hicli iisiially cort 
about $14 to $18 per set completely iuachined. Hollow spokc 
mheels cost 220 'to $26 per set, and I should assume that they are 
somewhat heavier than the C.-M. wheel. It has been said that 
we are largely dependent on the Continent for wheels, but wheels 
are made in  this country quite equal, i f  not superior, to, md 
almost as cheap as, anything imported from the Continent, thougli 
the  supply is, at present, limited. 

Mr. TI'. J. 'MORISOX: Previously to developing the C.-M. wheel, 
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w-e haci not succeeded in finding a wheel of any sort that woulad 
stand up to its work. Cast steel wheels are supposed to be good, 
but I have seen piles of such wheels scrapped through cracks, etc., 
and during last winter I understand that the London General 
Omnibus Co. had no fewer than forty 'buses in one garage laid 
up owing to cracked wheels on a frosty morning. The C.-M. 
nlieel has been on the market for eighteen months, and we have 
not had a single case of wheels being returned for either cracks, 
flawb, or other defects, though we have had cases of wheels which 
have been run into and had the spokes damaged, but we have 
quite easily repaired thein by removing the rim and welding in 
a new spoke. 

Our experience, both as users and buyers, is that the size of' 
tyres, evcii from the same iiiakers, varies; one tyre will not look 
aL " a wheel, whilst auother of tlie same make will " fall on " it, 
aiid oanras packing has to be used. This appears to be due to 
the fact that the band is re-rubbered and used over and oveiv 
again, 50 that it gets stretched. As regards slots, the War Ofice 
liaa adopted four as a standard, and i f  proper appliances a1.s 
provided, such aq a set of chisels mounted on a ring, and applied 
at each slot, almost any tyre can be puslied off without damaging 
tho b ~ d .  The trouble usually is that blocks arc used with worn 
edges, wliicli may cause damage to the band. I think i t  is better 
to provide a renewable rim, ratlicr than an ostcnsion of the d m  
proper, to protect the tyre when the back wheel scr;q)c5 along 
the edge of the kerb. 

Mr. J.  E. HALE: Tyrc manufacturers in America like steel 
wheeb for the reason that they keep their shape and do not change 
their dimensions, while wood wheels shrink and swell, and very 
often gct out of round. I n  America, tlie White Company alone 
use cast steel wheels, aiid so far w I am aware they hare had no 
trouble with thein during three or four years. The introduction 
of mandard rim diameters in Aincrica about three years ago was 
one of the finest things evcr done for the truck industry over there. 
Before that there were four large tyi-e manufacturers there, and 
four or five smaller ones, each with its own schedule of standard 
dimensions, so that if a custoiiier was dissatisfied and wanted to 
change lie had to have liis wheels rebuilt. The Society of Auto- 
niobilc Engineers therefore formed a Committee on Standards, 
and they came to the conclnsiou that tyres of 32, 34, 36, 38, 40 and 
42 in. approximate outside diamcter would arcoinrnodntc Atnerican 
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trade. I t  was decided that these outside tyre diameters shodd be 
nominal diameters, i.e., what we ordinarily call a 36 in. tyre might 
be 36 in., 35; in. or 36; in. diameter. The Committee also came 
to the conclusion that 3, 3Q, 4, 5 ,  6 and 7 in. widths or seetiolzs 
would serve, and that no other standards for tyres could be set 
up, because the tyre nianufacturers did not agree amongst them- 
selves aa to other particulars. The Committee therefore deter- 
mined t~ standardise the wheels which the tyres had to fit, a id  
they said that the standard wheel, or S.A.E. wheel as we call 
it, should be 6 in. less than the normal diameter of the tyre, 
i.e., a 36 in. tyre equipment should fit a 30 in. diameter whwl. 
They also standaxdised the width of the wheel, and the thickness 
of the band on the wheel, and furthermore stipulated that these 
bands, aalled the S.A.E.  felloe bands, should be put on the wheel 
by the wheel makers when the whoel was built, never to be re- 
moved, so that the band is pmt of the wheel just as much aa 
the spoke is. R e  ham not the privilege of machining that band 
further than drilling a few little holes if necessary, and we do 
not find that any machine work is necessary. The standard stipu- 
lates tolerances for thc circumference of the wheel (f 1/16 in. 
and -1/32 in.), the width of the band and the oxtent to which 
the wheel m y  be out of round, as, of course, a wood wheel 
maj  be. It also stipulates a niiniinum thickness of the wood 
felloe Thus it will be seen that our standard was creatcd -we 
did not pick out the best combination of existing sizes. It meant 
a lot of money to the tyre makcr5, and for five or six months there 
was some confusion, but that is past history now, and we have a 
fine standard. About a ycar ago, even these standards were 
simplificd, and the 34, 38 and 12 in. diameters were eliminated, 
and whci: tlic vehicles which are now in existence with 32, 34, 38 
and 42 in. tyres are worn out, we shall come down to two siz- 
only, 36 and 40 in. It is hard to understand why the British 
standards should include two diameters so close together as 720 
and 741 mm. It surely would not make niucli difference to a 
manufacturer if he had to  alter his design to takc the 741 mm. 
instead of the 720 mm.; it might mean a couple of teeth i n  the 
gear ratio, and a little temporary inconvenience, but looking into 
the future it seems to mc that one of these diaincters niight very 
well be eliminated. 

In  America we do not consider i t  necessaq to have a flange 
to keep the tyre from coming off. My coinpaiij- has 110 trouble in 
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getking the bases on which the t,jres are built to come wit.hin :I 
t.ot.a.1 variation of 1 mi. in circunifercnce; the bands are inadc 
in sizes by a stretching method, so t.hat no machining is rtquircd 
cscept for chipping off the burr formed by the electric welding, 
a-id our tyres come ont so near to the correct ineasnrement that 
we have no complaints what.ever of tyres being off measure', 

though we sometimes hare t,o iisc packing with \voocl wheels 
owing to shrink.a,ge. If the wheels are t.oo largo we jam the 
$re on anyway; I hare had tyi-ey which took 125 tons t o  get 
them on, but we have never had a band bi-eak. I will admit 
tha.t there are times when we cannot get :L tyrc OK, ttnd then iw 
simply get a hacksaw arid cut it up. 

hi conclusion, I would like to know wliut your system of iioi~~cii- 
clatnre is going to be. I n  America whcn we say a 36 in. by 6 in. 
tyre, we know the wheel is 6 in. less than the 36 in. of t.he tyre; 
the tyre may not be exactly 36 in., but the wheel is 6 in. less than 
the nominal diameter of the tyre. Here I find that one company 
niay make an 875 mm. tyre to fit a certain wheel, whilst anot,her 
company makes it 870 or 880 mni. to fit the same wheel. 

We use three types of non-skid devicc; one is very similar to 
that illustrated in Plate VII.: another is a chain, and the t.hird is a 
great heavy iron clamp which is placed on t,he wheel, and. of 
course, the tyre guarant,cc is wiithdrawn when people iisc them. 

Mr. A. M. Lancoc~:  We have had no rspcriencte with pressed 
steel wheels, but me have had quite a, few cast steel wheels, and 
a h o s t  every one of them broke at the junction of t,he spoke with 
the rim, and it is difficult to know just where they should be 
re-inforced. I n  some instances, where ribs have been added, the 
very addition of thc rib itself mas conducive to fractnre as t,he 
outer fibres were st,ra.ined to an alarming extent, and these wheels 
required very oareful heat treatment in order to relieve the casting 
strains. I do not see how t.he C.-M.  wheel can possibl5- suffer 
in  this way. 

I a.m under the impression that the slot in the rim does not, 
weaken the wheel at all if it is opposite a spoke, for to  arrive at 
the stress in the rim it should ‘be treated as a bridge from spoke 
t.o spoke, so that the rim section should be very much deeper 
mid-way between the spokes than at the spokes themselves. I 
heartily endorse all that Mr. Hale says in regard to the number 
of standard rims, which I am sure will eventually come down to 
two sizes only, th.at is, 36 in. and 40 in. diameter, and from an 
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engineer’s standpoint, there is no reason why this should not be 
so. It is comparatively easy to deal with questions of speed and 
power by variations in tlie gear ratio, without resorting to any 
multiplicity of sizes in tyres. The company I am connected with 
:it the present time have come as near to the shdardisat ion of 
hubs as possible, and these hubs can be fitted with roller 014 bnlr 
bearings without any alteration whatever. 

LMI. W. H. PAULL: I am not going to criticise the papcr, but 
I would like to make a €ew remarks on the question of standardisa- 
tion ill relation to tyres. First, I .would like to point out that the 
diameters of rims selected for standardisation do not form a very 
ideal range, and a series such aa, say, 650 n m . ,  700 nim., aqd 
750 mm. would have been very much nicer, but we had to deal 
with a very difficult position. Tyre makers to-day have to make 
170 different sizes of tyres for wheels which vary only 12 in.  in 
diameter, that is, from 30 in. to 42 in. The sizes selected for 
recommendation as standards are those which are in most general 
use. in fact, they cover over 80 per cent of the requirements of 
commercial vehicle makers to-day, and they werc chosen only after 
R very careful analysis of the makcrs’ lists and the requirements 
of the chassis builders. A reduction froin 170 sizes to 6 i3  a good 
beginning, but I quite hope that we shall 8oon be in the smne 
position as our friends in America, and come down to two 
or three. 741 mm. seems a very odd size, and very dose to tlie 
520, but both had to be retained as they are fitted on quite different 
types of vehicles, the 741 being used by several big cornpanics 
and on the Continent, and this ~vould iiot allow us to standardise 
;in ideal serics of diameters. 

The Ytandwdisation Committee suggests that the tolerance 
should be 3 mm. over, nothing under, the standard, and 
that it should ’be memured on the circumference and not 
on the diameter. Tyre makers do not give the exact sizes 
of their tyres because the internal diameter of a tyre is CL 

tlifficult thing to measure exactly, and because different firms 
adopt different methods of construction; for instance, a tyre with 
ii rubber lining to the steel band will not be tho same size as a 
tyre without the rubber lining. The tyre makers, however, :Lcccpt 
tlic responsibility that their tyres phall fit the wheel, and all they 
ask is that the wlieol shall riot vary beyond certain limits. It is, 
therefore, I think, immaterial whether the tolerance is over or 
under; it is only necessary that there should be a minimum of 
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variation. A tolerance of 3 mm. is more than that adopted in the 
United States, where i t  is equivalent to about 26 inm. only. The 
marvel is, I think, that so little trouble has hitherto been found 
in fitting tyres sincc there liave been so many variations, not 
merely in the diameters, bu8 also in the measurements for wheels 
given by different tyre makers for tyres of the same nomiiinl 
size, i.e., some tyre makers yill ask for a wheel of, say, 720 inin., 
others for 719, 719.5, 719'8 pr 721, and yet all these tyres are 
described by the same nominal size, %nd, of course, are rejprcled 
by users as interchangeable. 

I am quite with the author in what he says as to the necessity 
with the C.-M. wheel for pi.oviding slots which coincide with the 
position of the spokes, though, by the way, that is the only wheel 
that I know of wlicrc such a considoratiou is necessary. The 
majority of cast steel wheels have a divided type of spokr and 
very little attention has been paid to the position which the slo,ts 
occupy. If the rim has .an outside flange, the slots form a satis- 
factory method of removing the tyres, and though it may be 
possible to do with four slots, it very frequently happens that. the 
steel band is damaged to such an extent that it is useless except, 
as scrap metal. That is a loss to the user, because the tyre maker 
would not readily credit the value of a band destroyed i n  being 
taken on. With a large diametcr wheel with, say, a 160 mm. 
tyre, tlic pressure required to remove the tyre frequently reaches 
150 tons, and i f  that load is applied at  only four points the band 
will not. always stand it, ,and six slots will be required. There 
is another aspect of this .question. Many wheels to-day have no 
r a i s d  flange but only a mere bead on the face of the wheel, 
possibly 3/32 in. high, and makers d o  not always cut slots i n  
tlicsc beads at all. This is quite satisfactory when rings are 
used for pressing off the tyres, but i f  blocks are used instead of 
rings, the bead is liable $0 cause the block toa d i p  off the propefr 
position against the tyre band, and not only to damage the tyre 
or the band, but to cause accidents from a block flying out, an\3 
I have known cases where men have been seriously injured. 

I do not think bolted-on flanges or lugs are necessary for 
holding on the tyre, but something is required to prevent the 
tyre from coming into contact with the kerb, which can be quite 
efficiently provided by an extension of the steel rim of the wheel 
beyond the tyre base on the outside of the wheel, and this exten- 
sion it is proposed to standardise at 10 mm. as a minimum. I 
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believe the use of the bolted-on flanges and lugs in London is 
due to the requirements of the Scotland Yard authorities. 

If i t  were possible to standardise wheels and provide for their 
interchangeability, the steel band might be eliminated from the 
solid rubber tyre, and then tyres might be vulcanised directly on 
to the wheels. It might not suit everybody, but, in large pro- 
positions, it might have advantages. 

The variation in sizes of tyres of a particular make referred to 
by Mr. Morison is possible, and is probably due to the particular 
maker having cores for his moulds of more than one of the 
various measurements u s e d  for the same nominal size of tyre. 
With a lubber lined band it is the core of the mould, not the steel 
band, which determines the exact internal memurement of the 
tyre . 

The system of nonicnclature wc propose to adopt is that a 
tyre which was previously described as, say, 860 by 90 will, 
in the future, be called a 90 mm. tyre for a 720 mm. rim, that is, 
90/720. It is not any ,more difficult to say 90 for 720 than it is 
to say 860 by 90. One gives a definite measurement of the section 
of the tyre and the rim i t  fits, and the other gives the nominal 
meaaurement, which is not much use, because a solid tyre h m  
8 varying diameter throughout the whole period of its life, 
starting at about 860 and finishing up probably 4 in. in diameter 
less. 

Mr. 0 .  D. NORTH: I do not speak from any experience of the 
C.-M. wheel, but it appears to me to be a little bit weak in the 
region of the slots, as a pressed rim must have a uniform thick- 
new, whereas a cast wheel can be strengthened up wherever 
necessary. I have seen a good many steel wheels badly de- 
formed and actually dented owing to a piece of the tyre having 
come out, which caused the wheel to bump. If C.-M. wheeh 
were fitted on a vehicle in which both brakes are on the rear 
wheels, would i t  not be necessary to put the spokes off the centre 
so that they would not foul the brake gear, and to put the slots 
on the outside and the inturned flange on the inside of the wheel 
so as to strengthen the overhung part of the &m? I would 
suggest that the breakage of spokes of cast steel wheels near 
the rim is sometimes due to alternate .bending stresses in the 
spoke rather than to contraction stresses. Continental makers 
seem purposely to make the spoke very small across the root a t  
the rim measured in  the plane nf the wheel, which seems to show 
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tliat they admit that the riin must ‘C@re” a certain amount 
when the load is not over the spoke, and it is better not to make 
tlie spoke too stiff at the root joining the rim in  order to avoid 
too high a stress. The Ruston Proctor preqsed steel Tchcel appears 
to me to be very strong at  the outside edge, ivliirh is nicely 
rounded so that the tyrc ir not likcly to catch 011,  or run up, the 
1;erb: I cannot imagino that a wheel with so strong an edge 
could get seriously deformed even if run with hardly any rubber 

W. D WILLI~MSON: We liave a large noilibor of lorries 
runniiig with tlie C.-M.  wheel, inany of them being at the front, 
and thore has not been a single oomplaint. They arc certiiinlg 
lightcis than cast steel wheels of the same sizc,  and alw, TI 4 o u l d  
5ay, than cast wheels of equal strength I also thiiik that 
they arc more resilient than the cast wheel, and they n ill, tliere- 
fore, br Bider  to tho tyros and the nieclianiwi goncrally W e  
have attempted to standardise rims ourselves in a’sinall way by 
taking these sizes:--860 by 90, 870 by 100, 880 by 120, all of 
which fit the 721 mm. wheel. We also use the 1050 by 120 inm., 
which fits the 881 mm. or 882 mm. wheel, so that for the full 
range we only use two diametcrs of wheols on our vehiclr\. I 
think that the wheels theniselves should bc over size, so that the 
tyres can be pressed on without any need of packing. If the 
mlieels arc under size, we prcfcr to pack with sheet stcc~l lineiv 
rather than  canvaq I do not think tliat ball or roller bearings 
are suitable for the road wheels of lorries running on solid tyres. 
After all, tlie great thing in commercial vehicle work is to get 
absolnrr reliability, and even if one of the balls in one bearing 
breaks onlj once i n  a year, it involves much mow trouble than 
a floating busli, with which there is not the same risk of sudden 
breakdown. Ereu supposing the floating bush has to be renewed 
at  tlic elid of three, or even two, years, the wear is gradual, a d  
tho rencnal can be iiiade when conrcniont. 

M i .  L). W. T~oaxas: I had some experience some years ago 
with a wheel in which the spolies w i l e  welded to the rims and 
h u h ,  and it ivas by no means successful, particularly when fitted 
to wlonial vehicles. 

on. 
Mi 

MY. C L ~ R K S O K :  1t-a.s that acetylenc melding? 
Mr. T~IOMAS: Yes. The suggestioii has boen made that the 

riiii of the C -M. mheel should be turiietl inwards on both sides; 
tliib iiiight do away with the need for slots in the rims, but i t  
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would certainly not be so clean on the road. The great drawback 
to the C.-M. wheel at the moment is its cost; before the war, 
cast steel hollow spoke wheels for 4-ton vehicles could be bought 
completely machined for about $216 per set, and we have fitted a 
very large number of such wheels, and so far have not had a 
single failure. I n  reference to the type of bearing to be used! 
for road wheels, I would like to quote the cam of a vehicle in 
which p l d n  bearings were substituted for roller bearings, which 
resulted in $he vehicle being unable to start at all on B hill of 
1 i n  6 gradient, which it had been able to  do when fitted with 
roller bearings. This, of course, could have been set right by 
lowering the gears, but it goes to shon- that the starting effort 
of the plain bearing is greater. 

Mr. CLARKSON, in replying on the discussion, said: Mr. French 
objected to the condition of the roads on Salisbury Plain, but we 
have thirty vehicles running successfully on these roads. We are 
also running country services of buses in  districts which are now 
very congested with troops. For instance, round Chelmsford we 
have a division of about 20,000 troops, and the local bus service is 
taken possession of by them. Sometimes 100 men are carried on 
soft country roads and up a hill rising 200 to  300 feet in a couple 
of miles, on a bus designed to carry thirty-four, and we have not 
had a single case of failure of wheel, axle, or axle bearing, nor 
have we had a single case of failure of these wheels outside London. 
In  London the conditions are very different, and there are a large 
number of factors which contribute to wheel injury and to reducing 
the lifo of wheels, such as frequent collisions with other vehicles 
and with the kerb. I think kcrb collisions contribute more to the 
mortality in wheels than the frequent stopping and starting, but 
the high speeds sometimes indulged in by a driver on a bad road 
surface cause trouble; the hammer action (especially when the tyre 
isworn) is very severe. The use of an adaptor in the hub in order 
to enable alternative bearings to be used is fairly well shown in 
Fig. la, but this is, of course, only a temporary expedient until 
standardisation has made more progress. At present, there are 
too many sizes, and until the number is reduced we cannot hope to 
get down to that desirable degree of simplicity which will enable 
us to put down plant to produce these wheels in an econoinical 
manner. 

He 
gets rid of the stresses in the spokes duc to contraction, but 

Mr. Stevenson's n h x l  with a detachable rim has points. 

CL ARKSON. I 
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incidentally the weight of the whee1 is considerably increased. 
The importance of cutting down unsprung weight has been i-e- 
ferred to;  the wheel as unsprung weight has a direct hammer 
effect upon the tyre and iipon the road, and 100 Ib. saved in 
weight hero is worth a good deal inore than 100 Ib. in any of 
the upper works above the springs; tyre makers have in fact 
admitted that they would give a 20 per cent more guaranteed 
mileage with this wheel. This is to be borne in mind in connec- 
tion with the question of price which has been referred to. A 
bus uses three sets of tyres in a year in doing 30,000 miles, and 
the cost per set is roughly 250, i.e., $150 in a year. An increase 
of 20 per cent in thac mileage represents an annual saving of 230, 
which would obviously justify an additional cost of $5 per set 
of wheels. I n  considering this question of first cost, all factors 
should be given due weight, not omitting the great sariug in 
the wear on the roads. 

I did not want to labour the point of the substitution of forged 
steel for cast steel. I thought it was generally accepted that no 
engineer, in designing a chassis, would use a casting i f  he could 
use a forging, and this attempt at making a forged wheel is 
simply an extension of the principle of substituting a forging 
for a casting and obtaining more certain quality. 

I was very much interested to hear the reasons that hare guided 
the Engineering Standards Committee in selecting the sizes of 
r i m  which have been scheduled; to have been able to reduce the 
number of sizes frorn.170 down to six is a considerable achieve- 
ment. I think, however, the sizes which have been selected have 
been chosen largely because they were being used by some of the 
large buyers, and this cannot be regarded a sound principle of 
sclcction, since one of these large buyers has already decided to 
use a different size. I think it would have been much better to 
have a scientific classification quite apart from any temporary 
circumstance that some firm is using a great many of one size. 

The American formula of the outside diameter minus 6 in. for 
the wheel diameter seems very sound, and I hope something of 
the kind can be done here, but at  the present time it is a physical 
impossibility to put a batch of tyres on to rims indiscriminately; 
they are not interchangeable. 

Circumferential measurement is, of course, the practical measure- 
ment for tolerances, but I am afraid it is not much use discussing 
this question when apparently the tyre people have not made- 

‘THE 1 N S T l l U T I O N  OF AUTO.MOHILE ENGINEERS. 
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their minds up as to what the internal size should be. The recom- 
mendation of the Engineering Standards Committee is a tolerance 
of nothing below, 1 mm. above, for the rim. When a tolerance is 
fixed a.s between a male and a female part, it is usually a minus toler- 
ance on the m l e  part and a plus tolerance on the female part, if  they 
are intended to work together, and it seems that the Committee has 
made a step in  the wrong direction by putting a plus tolerance 011 

the rim, which is, in  this case, a male. With regard to the number 
of slots, I am still convinced that four is sufficient, but it is neces- 
sary to have a properly constructed ring with four hardened and 
properly secured chisels or blocks with hardened edges to push 
the tyres off. Any sort of casual packing is no use, but with the 
ring twin tyres requiring a pressure of 120 tons can be removed 
without difficulty. We hear of some tyres requiring 150 tons to 
push them off, but that is merely an instance of the unscientific 
classification which now obtains in these tolerances. 

Mr. Garrard mentioned that at the present time hollow spoke 
cast wheels can be supplied at $20 to $26 per set, which, roughly 
speaking, is about the price at  which the C.-M. wheel can be 
produced to-day, but I can see possibilities of a substantial reduc- 
tion soon as we have got standards which will enable us to 
specialiso in machinery and production. 

Mr. Hale reminded me that the White Company are using cast 
wheels, but I have looked at these wheels closely, and frankly 
I felt that the White Company would be very glad to get some- 
thing better as soon as they could. The castings were not a first 
class engineering job, and incidentally they were fully GO per 
cent heavier than a set of forged wheels to do the same duty, 
which accounts for their having no trouble, but which increases 
running costs. I think that when the time comes, axle weights 
and the question of unsprung weights will form a large factor in 
the readjustment of taxation. 

The reinforcing of the rim internally where the slots are cut, 
referred to by Mr. North, is done by simply arranging that the 
slots shall be opposite the spokes. The off-setting of the spokes 
necessary to clear the internal brake gear is shown in Fig.  la .  

Some time ago Mr. Worby Beaumont made some tests on the 
resilience of this wheel for the Chief Commissioner of Police. 
He put the wheel on a press and applied pressure to the hub when 
the rim was supported; an indicating lever and a multiplying 
index, by which the deflection could be read within very fine 

12 
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limits was then fitted. With a pressure of as much as 12 tons on 
the middle of the wheel there was some deflection, but the index 
figure went b a k  to zero, showing that it was not permanent. 

I quite expected to hear that the unsuccessful forged wheels 
mentioned by Mr. Thomas had been built up by the acetylene 
process. Acetylene welding is a very useful thing for doing 
such work as attaching bosses, but it is not safe to use it for a 
part of a structure which is subject to considerable strain. In 
the operation of melding, the metal is raised to a very high 
temperature locally, and no pressure is applied to it when it is 
brought up to that high temperature, and consequently there is 
very considerable loss in strength. 

THE INSTITUTION OF AUTOMOBILE ENGINEERS. 
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COMMUNICATIONS. 

Mr. F. R. SIMMS wrote: I fully agree with the author as to 
the superiority of the floating bush over ball or roller bearings 
for public service vehicles, while for War Offioe requirements 
it is still more necessary; a cracked ball or a broken race may 
spell disaster in  war. With the floating bush there is no mason 
to fear sudden excessive m a r  or breakage, and the vehicle can 
practically always get home. 

Nonfi of the speakers referred to the influence of €he Scotland 
Yard authorities in connection With the development of the modern 
lightweight wheels for commercial vehicles; there is no doubt 
that the regulation that the weight of public service vehicle8 
should not exceed four tons led to a very g m t  deal of thought 
and attention being given to the lightening of all the parts, 
and perhaps the C.-M. wheel partly owed its inception to this 
regulation. 

I would suggest that the reason why the wear on wheels is 
heavier in  London than in the country is partly on account of 
the peculiarities of London traffic, the frequent stops, starts, and 
blows on the kerb; it would seem to me that although the number 
of strains and stresses may be less in  London on account of the 
smooth rods, they are more contiquous and result in fatigue. 

Mr. E. THOMAS mote: The discussion has ’hinged very much 
on the difficulty of getting tyrw on and off wheels owing to their 
varying diameters. Fig. 9 shows a wheel designed to overcome 
this di5culty. The wheel is cast steel and the rim is not con’- 
tinuous, but is interrupted by a gap which is filled by a we@ 
tapered from back to front and vertically. After the tyre has 
been slipped on the rim, the d g e  is inserted and screwed up till 
the tyre is tight on the rim. To allow for this expansion of the 
rim, the spokes are not truly radial when the wedge is out, b’ut 
lie along the lines x x ,  and they are a h  o u d  &s shown in 
the crow section. This arrangement not only does away with the 
need for a powerful press for getting the tyre on and off, but it 
avoids all risk of damage to the tyres when dismounting them. A 
single wheel to this design has been made and expanded and 
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oontracted a large number of times without showing any signs 
of permanent set, and has also been subjected to a road test of 
4,000 niiles on a 3-tom lorry over the worst roads in Kent without 
showing any signs of slipping of the tyre, and at  the conclusion 
of the ruu the tyre was detached without the least difficulty. 

Mr. A. E. T,. CHORLTOX wrote: The paper is interesting as a 
description of one particular type of steel motor wheel, but it is 
to be regretted that the author did not discuss the merits and 
demerits of other possible designs to meet the present require- 
ment-. 

. x  

FIG. 9. 

Practically his only comparison is to state, for instance, that 
the Ruston and Proctor plate wheel is 50 per cent heavier than 
the C.-M. wheel, but the heaviness of the plate wheel is simply 
due to the fact that the makers have had neither the time nor the 
experience to get down to a limit thinness and weight; they have 
had to step in and supply wheels for the present demand in the 
shortest possible time. I believe, however, that a very muah 
lighter plate wheel will eventually be brought out which will 
rival the C.-M. wheel in this particular, and will considerably 
distance it in the question of price. 

The plate wheel offers a very sound mniiufacturing propositiua; 
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when the dies are once made, manufacture can be undertaken in 
quantities without further expenditure. The risks in manufacture 
are obviously smaller than with the C.-M. type, no w e l d i q  
is emplojed, and 80 it  is not subject to, or limited by, the skill 
of the workmen. 

The Ruston type of plate wheel has further advantages in  that 
i t  is eaay to clean and does not tend to lock itself when sunk in 
heavy material; nor is it disabled by any severe local blow, as 
the spoke type would he if a single spoke were destroyed. Further- 
more, the extension of the rim past the tyre effectively protects 
the tyre from contact with the kerb, while the resilience of the 
rim, \diich is constant all round 'between and over the spokes, 
is not only beneficial to the tyre but also to the life of the vehicle 
itself. 

Finally, there is the strictly commercial question of sale price, 
and i t  appears to be the opinion that as soon as a steel whee- 
whether cast or otherwise-is placed on the market again a t  
approximately the same price as before the war, then that wheel 
will secure the trade. 

Mr. W. BURDEN wrote: I think that a cast steel or a high-claw 
malleable wheel is preferable to any made up or pressed steel 
wheel, which requires a cast steel hub and some method of fixing 
the ivheel to the hub either by rivets, bolts or some screwed, 
tapered arrangement. The cast wheel is in one piece, and very 
quickly dealt with when machining, and if correctly designed 
with a hollow spoke, and sufficient spokes to the front wheel, ih, 
I think, far ahead of pressed steel or made-up wheels. A t  
the present time, there are one or two firms in England who arc 
turning out a very satisfactory malleable cast wheel, but thoapli 
tests would prove the cast wheel to be stronger than the malleable, 
yet the cast wheel is very apt to draw when cooling and c a i w  
weakness, which is not so, to the same extent, with a malleablc~ 
casting. 

Mr. J. F. BUCKLEY wrote: The author admits that he has had 
breakages with the C.-M.' wheel due to collision and side strain 
when striking the kerb. I therefore suggest that the spokss 
should be set tangential to the hub instead of normal, whioh 
would put the spokes in compression under driving and braking 
stresses. With rear wheels, such, for instance, as those on 5-ton 
vans, 7-ton gross load, fitted with twin tyres 1,050 by 160, the 
width of the rim is about 12 in., and I suggest two rows of spokes, 
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staggered. The inner set should be at a tangent in an  opposite 
direction to the outer, as in a bicycle wheel, thus providing for 
both driving and braking stresses, and both sets should meet the 
rim about 2 in. each side of the centre in order to provide against 
side strain; the plate which is rivetted to the rim should be pro- 
vided with two bosses to receive the ends of the spokes, which 
could, of course, be of a smaller section of tube than the single 
set of spokes. 

I think that this form of mnstruction would give a more re- 
silient and stronger wheel, though it would probably be a little 
more costly. 

I n  reply to the written communications Mr. CLARKSOX wrote: 
Mr. Chorlton regrets that the merits and demerits of different 
iypes of wheels were not discussed. I dealt with the question of 
the weight i n  the paper, and with that of the umprung weight 
and the bearing of reduced tyre wear on the extra first cost in 
my reply to  Mr. Creery Stevenson. 

I t  may be pointed out that the plate type of wheel snfIers from 
the disadvantage of being constructed from plates of practically 
uniform thickness, and this thickness is decided by the stresses 
at the part nearest the hub, where they am greatest, so that i t  
is excessive i n  the outer portions of the wheel where the stresses 
are proportionately less; the plate type of wheel does not, there- 
fore, lend itself to securing the lightest all-round construction. 

Another disadvantage peculiar to the plate wheel is the attach- 
ment of the plate to the hub centre referred to in the paper, and 
which experience shows is a source of trouble, especially i f  any 
attempt is made to reduce the thickness of the plate. 

A feature of the Ruston wheel is the abMnce of retaining 
flanges on both sides of the periphery, which would condemn it 
in  the eyes of the Scotland Yard authorities. 

Mr. Chorlton claims that the extension of the rim beyond the 
tyre effectively protects the tyre, but a collision with the kerb 
would subject the Ruston wheel to injury at a very vital part, 
and the rounded extension of the rim is liable to be worn 
dangerously thin. 

I agree that the plate wheel offers a simpler manufacturing 
proposition, but engineers have to concern themselves not merely 
with first cost, but with the lapger and more important question 
of general efficiency and the saving in running expenses, which 
may far  outweigh any advantage in first cost. 

1 HE INSTITUTION O F  AUTOMOBILE ENGINEERS. 
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Mr. Chorlton's remarks as to relative facilities of cleaning and 
the tendency of spoke wheels to lock when sunk in heavy material 
are points of practically no importance; it is only necessary to 
point to the extremely complex forms of cast wheels with Y spokes 
of cruciform section already in use. 

With regard to the skill of the workmen affecting the quality 
of the wheel I can state that, as now conducted, the operation 
of electric welding is one of bhe most certain and co&ollable 
operations in the fmtory, and it is an advantage of the built-up 
wheel that the s0undnes.s of construction can be thoroughly tested 
at every stage of the manufacture. 

I must join issue with Mr. Chorlton on his final conclusion, 
namely, " that it appears to be the opinion that as soon as a steel 
wheel-whether cast or otherwise-is plaoed on the market again 
at approximately the same price as before the war, then that wheel 
will secure the trade." Instead, I beg to submit that as soon as 
a steel wheel is placed on the market again at  a prim equal to or 
even a little higher than that before the war, and showing 
economies in  use superior to others and far outweighing any 
advantages in  initial cost, then that wheel will secure the trade. 

With regard to Mr. Burden's arguments in  favour of cast as 
against built-up wheels, I would point out that the employment 
of a cast steel cantre in the built-up wheel is not inherent to the 
design of this type of wheel, but it is merely a temporary expe- 
dient to enable a standard built-up wheel to be adapted to various 
arrangements of axle bearing and driving attachment, and where 
a proper design is prepared the employment of a cast centre is 
entirely done away with. Mr. Burden rather gives away his c&88 
by the naive admission that a cast steel wheel is very apt to draw 
when cooling and cause weakness. Although he contends that 
it does not apply to the same extent to the malleable casting, he 
neverthelass admits the existence of the same trouble. 

Mr. Buckley's sugge&ions to employ tangential spokes, and 
also two row8 of spokes in the case of a wide wheel, one row being 
staggered in relation to the other, appear Q me to be thoroughly 
sound and practical, and I m y  mention that we have in Bome 
case5 aheady prepared designs of wheels with more than one row 
of spokea. 
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